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Primary irritants are substances which damage
skin by direct cytotoxic action. This is in contrast
to contact allergens Which incite inflammation
by indirect immunologic reactions involving
changes in the whole organism. Primary irritants
are by far the dominant cause of dermatitis as
the result of contact with an offending substance.
The possibility of harming the skin is an ever
important consideration in the safety evaluation
of novel substances which are destined to contact
the skin at Work, in the home, and indeed in all
of the theaters of civilized and, especially, ur-
banized living. Exposure can occur in innumer-
able ways—through the use of medicines, cos-
metics, cleansers, clothing, household articles,
and chemical manufacturers, to name a few.
It is generally supposed that it is easier to
evahiate an irritant than to measure the allergic
hazard of cutaneous contactants. This generaliza-
tion, however, oversimplifies the case; it grows
out of a number of debatable assumptions. One
of these is that irritants affect all persons who are
sufficiently exposed, while allergic reactions occur
only in a limited number of genetically or other-
wise predisposed persons. This distinction, to be
sure, has a certain practical value, but can be
productive of serious errors if taken too literally.
Powerful allergens, such as dinitroehlorobenzene,
p-nitrosodimethyl aniline, diethylfumarate, poi-
son ivy antigens and scores of other substances
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are universal contact sensitizers. All persons will
become sensitized when the concentrations and
durations of exposure to these are sufficient, and
these are the very criteria which are supposed to
distinguish irritants. Contrariwise, many ma-
terials are such marginal irritants that only a
fraction of the population reacts adversely,
regardless of the concentration and length of
exposure; viz.: soaps, mineral oils, antiperspirants,
etc. Susceptibility to irritants varies greatly
among individuals and is ultimately no less de-
pendent on genetic factors than is contact sensiti-
zation. These individual differences are greater
than supposed. They have not been adequately
measured. Strong irritants are of course easily
recognized. The fact is, however, that all sub-
stances are damaging to some people under some
circumstances. Even water, the most innocuous
of materials, can incite inflammation in certain
subjects by inducing sweat retention or, less
directly, by promoting bacterial growth or by
increasing the permeability of the horny layer of
the skin. An extraordinary number of substances
may be mild irritants in constitutionally predis-
posed subjects. No substance is always safe, just
as no substance is always unsafe (1). The issue is
far from academic. For example, Warshaw and
Herrmann (2) were not quite certain whether the
16% reaction rate of patch tests with propylene
glycol was evidence of allergy or irritation. They
favored the latter, because propylene glycol is
not thought to be an allergen. On the other hand,
Calnan and Shuster deemed their five subjects
with unusual reactions to ammonium persulfate
to be allergic because the responses were obtained
with concentrations which are ordinarily harm-
less (3). In any given case, it is not permissible to
decide between allergy or irritation on the basis
of low or high reaction rates.
It is urgent to abandon the convention of
thinking in terms of irritants versus non-irritants
or allergens versus non-allergens. A sounder bio-
logical view is to regard all substances as potential
irritants. The question then becomes "how irritat-
ing?". This raises the problem of measuring
degrees of irritation and highlights the necessity
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of developing quantitative methods. Quantitation
enables more exact comparison.
The practical exigencies may be illustrated,
for example, by the problems confronting the
cosmetics and toiletries industries. Cosmetic
ingredients are overwhelmingly mild, yet when
millions of units arc sold, the importance of en-
suring low irritancy may involve momentous
decisions. The ordinary usc of percentages be-
comes unacceptable; for instance, an incidence of
0.01% seems miniscule, but if five million units
have been sold, five hundred individuals may
experience an untoward result. The manner in
which cosmetics manufacturers deal with this
vexing problem has been soberly discussed by
Goldembcrg (4) and by Ricger and Battista (5).
Enough untoward experiences have accumulated
from what was thought to be an innocuous change
in formulation to warrant unwavering caution.
It is precisely in the domain of mild, borderline
irritants that more exact and sensitive methods
of measurement are needed. Although actual
usage is of course the only wholly dependable
mcthod of pre-salc safety testing, it is impractical
in the extreme when one hopes to detect very low
reaction rates. Securing statistical significance
for such low values requires staggering numbers of
subjects. Therefore some form of bioassay which
includes intensification of effects is required.
When properly performed and especially when
"calibrated" against humans, animal tests arc
quite useful. For example, on the skin of man and
animals, Justice et at. and Finkelstein and co-
workers found excellent degrees of correlation in
classifying surfactant materials according to
their order of irritancy (6, 7). On the other hand,
the commonly used rabbit eye test has many
uncertainties. Russcl and loch found that
different laboratories failed to grade the same set
of shampoos similarly (8). Furthermore, reactiv-
ity of human and animal skin differs so greatly
as to make humans the animal of choice. The
divergences for some materials may be startling
(9).
BACKGROUND
For the past five years, we have extensively
explored both old and new methods for measuring
irritancy in a human volunteer prison population.
The Schwartz-Peck (10), Draize (11), and Shelan-
ski-Shelanski (12) patch testing procedures all
have their applications. Two hundred subjects,
however, arc a burden; moreover, these methods
in our experience lack sufficient sensitivity. They
are supposed simultaneously to give data on both
irritancy and sensitization. In our opinion, these
should be tested separately with procedures
especially designed for each of the two phenom-
ena.
Kooyman and Snyder designed an "arm immer-
sion" test which measured the number of expo-
sures that induced a reaction (13). This technic
is mainly suitable for water soluble substances
such as soaps but is not without danger of sys-
temic toxicity. Its advantage is standardization
of the exposure conditions; the results arc quite
reproducible. Statistical methods of treating these
types of data have been given by Justice et a!. (6).
Finkclstein and his colleagues have proposed a
patch test technic for the quantitative evaluation
of mild irritants (7). The test materials are applied
to the same site daily for five to seventeen hours
over a period of four to five days. In the absence
of tests of precision, one may wonder about their
method of scoring the intensity of the reactions
over an eight point scale in which the observer
must decide, for example, between 0 to ? = none
to slight redness, ? = slight redness, ? to slight
to distinct redness, distinct redness. More-
over, the final irritancy score is calculated in a
fairly complex manner, adjusted for three factors
with arbitrarily assigned values; (1) intensity,
(2) number of days of patching and (3) cessation
of patching.
After a considerable effort, we have come to
prefer methods not based on rating the degree of
reaction. Subjectivity is not the only handicap.
The moderate and severe reactions to different
types of irritants may be qualitatively quite dis-
similar, some never going beyond strong redness
while others produce pustulcs, erosions, bullae
or even ulcers. Because of this diversity of reac-
tions, we felt it difficult and possibly unreliable
to utilize a scoring system for reactions exceeding
thresholds.
CURRENT STUDY
We undertook an extensive re-evaluation of
the problem. Space does not allow chronicling
the mass of experimental work which finally led
to the current procedure. We shall therefore
simply summarize the concepts which ultimately
shaped our test, but will present in detail the
statistical technics we used.
80 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
The potency range of irritants is very great.
Some may irreversibly damage the skin after a
moment's contact; others produce mild and
transient injury only after many days. It seems
artificial to countenance special terms for these
differences, as they simply represent a continuous
spectrum of toxicity. Shelanski defines a primary
irritant as one which is toxic at the first contact,
and a secondary irritant as one producing a reac-
tion only after repeated applications (14). This
can be confusing, since, depending on concentra-
tion, the same substance may be both a primary
and a secondary irritant. Actually, even the
adjective "primary" is superfluous but it is so
firmly associated with "irritant" in common usc
that we see no possibility of its being uncoupled.
Likewise unsuitable is tbe attempt to distinguish
"relative" and "absolute" irritants according to
whether they damage the skin slowly or quickly
(15). Irritant capacity is always relative to some
specified conditions of exposure, never absolute.
Similarly "fatigue" reaction for responses which
appear only after repeated applications is nothing
more than cumulative irritancy. These various
terms may give the impression that skin toxi-
cology is a special case requiring a special qualify-
ing language.
We simply use the old-fasbioned terms "strong"
and "weak" in designating irritating capacity in
words.
For strong irritants, we determine the ID50 , the
estimated concentration needed to produce a
discernible irritant reaction in 50% of the popula-
tion in 24 hours. This is analogous to tbe median
lethal dose or LD50 of the toxicologists. For weak
irritants, we determine the IT50, the estimated
nnmber of days of continuons exposure which
will produce a threshold reaction in 50% of the
population. We have found, in practice, that the
IT50 has the greater usefulness, since the greater
practical concem is with weak irritants. Of course,
strong irritants may be so diluted as to permit
measurement of IT50 values. It is especially to be
noted that the end points are "all or none"
choices (quantal responses). The observer has
only to decide whether there is or is not a reaction;
he need not estimate its intensity.
We carried out extensive studies using intensity
scales (quantitative responses), and concluded
that they were often more arduous, more dis-
tressing to the subjects, and frequently no more
discriminating in characterizing irritants than
the use of quantal responses. Furthermore, the
all-or-none reaction depends upon a single quality,
erythema, which is the common denominator of
all irritation reactions.
The discernment of erythema requires some
attention to illumination. Certain fluorescent
light sources, especially those rich in the blue and
poor in the red end of the spectrum, are truly
handicapping. Sunlight, of course, is excellent
except for its variability. We recommend the
Macbeth source, which mimics sunlight. * Alterna-
tively, one may use instrumental methods (reflec-
tion photometry) to determine erythema objec-
tively. For quantal readings of redness, however,
the eye is as dependable as the reflection meter,
though not for degrees of redness.
In the Negro, the observer must lean to correct
for the obscuring effect of pigmentation. Ery-
thema tends to assume purplish hues, which we
find, nonetheless, may be quite accurately recog-
nized.
We are aware, and have established histologi-
cally, that the naked eye may not recognize minor
skin damage; however, this gap between gross
and histological appearances will have no effect
upon the ability of the procedure to make relative
distinctions, particularly as only erythema is to
be used.
Over the years, we have learned the impossibil-
ity of obtaining absolute irritancy measurements
which would hold for all races, ages, body regions,
climates, and seasons. We have verified Marcus-
sen's observation that the skin of children is
more easily irritated than that of adults (16).
There is preliminary evidence of greater irritabil-
ity for female than for male skin, although the
difference may not be great (17). It is believed
that Negro skin is more tolerant of chemical ir-
ritants than white (18). We confirmed this in the
present work. We have strong presumptive evi-
dence that the skin is less reactive in summer than
in winter. This was clearly evident in the quan-
titative studies of Justice et at. (6).
While the ID50 or IT55 values are numerical
expressions, it is clear these will vary somewhat
depending on the subjects. The season and other
circumstances are also contributing factors.
Accordingly, the value becomes most meaningful
when a standard of reference is included in the
test. One must stress again and again that the
* Manufactured by Macbeth Corporation, P. 0.
Box 950, Newburgh, New York.
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assessments are relative, not absolute. The figures
achieve practical significance when used as a basis
for comparison. The test agent may be a pure
chemical or a mixture of any degree of com-
plexity. The usefulness of the test will be con-
tingent upon the selection of an appropriate
reference for comparison. In practice this means
an agent of a similar chemical class, fatty acids or
aliphatic hydrocarbons for instance, or a similar
usage class, shampoos with shampoos, anti-
pcrspirants with antipcrspirants. Moreover, the
formulations should be comparable; liquids should
not be compared to solids, ointments with pow-
ders, etc. The reference material should preferably
be one about which a good deal is known through
past experience. Thus, if a new ingredient is to be
added or the proportions changed, it would be
wise to usc the old formulation as a standard of
reference. In this way, one may decide whether
chemical or product "A" is equally, greater, or
less irritating than chemical or product "B".
Thus, the artificial test conditions of the bioassay
may be related to realistic conditions of usc. A
practical example may clarify this. We deter-
mined 1T50's for a number of antiperspirants
whose irritancics could be judged from the
careful complaint files a maj or merchandiser had
compiled over a 20-year period. There was excel-
lent agreement between the rank order of ir-
ritancy as determined by use and by bioassay.
We consider the basic procedures we shall now
describe to be more important than the specifica-
tions for testing. These basic procedures should
remain valid even were much of the method to be
modified, since the principal characteristics of
our statistics (ID50 or IT50) is that they arc
comparatice measures of irritation.
TEcHNIC
General: The lower back, beneath the angles of
the scapulae, provides a fairly broad expanse of
skin which appears homogeneous with regard to
its reactivity. Eight to twelve patches may be
conveniently spaced within this area.
The patches consist of Wcbril (Curity), a highly
absorbent non-woven fabric. The preferred appli-
cation is a completely occlusive one which ensures
intimate contact and thus prevents a change in
concentration owing to moisture loss or to dilu-
tion by sweat. It is established that sweating
stops when the horny layer swells with water.
Occlusion standardizes the exposure. Complete
occlusion is obtainable by securing the patches
under overlapping strips of impermeable plastic
tape (Blenderm, Minnesota Mining and Manu-
facturing Corp.) (Fig. 1). This arrangement is
reinforced by overlapping strips of perforated
plastic tape (J. & J. Clear Tape) (Fig. 2). By
quantitative measurements, we have established
that above a certain minimum (0.5 cm.2), the
size of the patch has no influence upon the results.
It is therefore convenient to use small, one centi-
meter squares.
The usc of occlusion is unsatisfactory with
mixtures containing volatile substances such as
alcohol, acetone or similar solvents. Above con-
centrations of about 20%, these materials them-
selves arc so strongly irritating as to override the
effects of any other ingredients. Although re-
producibility suffers somewhat, it is necessary in
such cases to use unocclusive patches consisting
of one centimeter squares of Webril, held to the
skin under slightly larger squares of gauze and
fastened only along the edges with perforated
plastic tape (J. & J. Clear Tape).
The appropriate volume of test material is
that which is just sufficient to load the patch
Fio. 1. A Webril pad is fastened to the skin under
overlapping strips of impermeable plastic tape
(Blenderm).
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Fin. 2. Overlapping strips of perforated plastic
tape (J. & J.) fortify the patch in Figure 1 and
ensure against loosening. The patches may be
much smaller than shown here.
completely without over-run, epproximately 0.05
ml per sq cm. This quantity is an excess and need
not be measured exactly. For solutions, glass
tuberculin syringes are useful for loading the
Webril patch; for ointments, plastic syringes
without the needle are convenient. We routinely
incorporate insoluble substances in petrolatum
or mineral oil. All of these procedures are suitable
only for substances which may he prepared as
solutions or creams.
The IT50 Procedure: The minimum specifica-
tions call for a panel of ten subjects and ten days
of continuous exposure. The patches and irritants
arc re-applied once daily at exactly the same site,
the end point for a given patch being the number
of days required for an unmistakable erythema
to develop. When this threshold is reached, no
further patches are applied at that site. The
procedure attains its best precision when the con-
centration or composition is such that the in-
dividual reactions are scattered throughout the
test period, preferably with both a zero and a
100% reaction point. Failure to obtain either or
both of these desirable conditions does not, how-
ever, invalidate the test. Nevertheless, every
effort should be made to obtain at least one of the
two, as the statistical work will then be facilitated
and greater precision will be obtained. When
feasible, range-finding studies are very helpful
in setting proper conditions. For particular
purposes, one may use either more subjects or a
greater number of days of exposure. Increasing
the number of subjects naturally improves preci-
sion. For very mild materials, extension to 20
days may be necessary to obtain more than 50%
reactors in the sample.
The cumulative number of reactors for each
day is converted to a percentage and plotted
against days on log normal probability paper.*
A straight line is visually fitted, and the IT50 is
read off. Confidence limits foI this and for the
slope function of the line can then be derived
from the graph as described below.
In cases where low concentrations or very weak
irritants are tested, the cumulative number of
reactions may reach a maximum between 10 and
20 days, remaining relatively constant thereafter.
Sometimes 50% or more of the subjects will have
failed to react even after 20 days, and earlier
levelling of the curve may indicate that it is un-
likely that further reactions will occur. In such
cases, of course, precision is drastically reduced.
Many products are so innocuous that none or
only one or two subjects may react; these include
the common vehicles such as lanolin, hydrophilic
ointment USP, Carbowax Ointment lISP, baby
oils and others. Precise statistical comparisons
then become difficult or impossible. One may
simply conclude that the products are essentially
non-irritating.
The ID55 Procedure: This technic is used ex-
clusively for strong irritants. The minimum
number of subjects is ten, as before. A pilot study
is done to select a range of at least five concentra-
tions which may be either evenly spaced or ar-
ranged in geometric progression, depending upon
the material. Again, every effort should be made
to obtain a good scatter. A 90—100% endpoint is
desirable at the upper extreme and 0—10% value
at the lower. Patches are applied as before, every
subject being exposed to the entire range of con-
centrations. The patches are left on for a standard
* Codex No. 3128, for example (Codex Book Co.,
Norwood, Massachusetts).
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period and are not re-applied. Our usual practice
is a one-day exposure with immediate readings,
but contact time for strong irritants may be as
low as two to eight hours. In such cases, the read-
ings should be made at 24 hours. The data are
handled as before, this time plotting concentra-
tion against percentage of reactors. The positions
and order of application of patches are random-
ized to avoid bias in reading
STATISTICAL TREATMENT
Box/c ground: During the development of the
testing teehnics a simultaneous investigation into
a variety of statistical procedures for handling
the data was initiated. These included various
ranking procedures, ehi square, and variance
analyses on angularly transformed data. Since it
eventually seemed that quantal response data
("all or none") were desirable for experimental
reasons, we then investigated various forms of
probit analysis. These technics are those used in
animal toxicity and drug testing where the LA0
and ED55, the estimated lethal or effective doses
for 50% of the population, are calculated. Finney
(19, 20) has published exhaustive and practical
treatises on the subject.
Conventional probit analysis can become quite
complex for those with little or no statistical
background, since it involves the iterative fitting
of a linear regression to transformed quantal
response data. Litchfield and Wilcoxon, however,
described a simple graphical probit procedure in
1949 which has since been very widely used in
pharmacology (21, 22). A degree of approximation
is involved, but even when compared to the more
exact methods it is usually adequate. Most of
the mathematics is reduced to a graphical proce-
dure coupled with the use of nomograms. The
computation time for a set of data is a few min-
utes, compared to a matter of hours for conven-
tional probit analyses in the absence of electronic
computers. The nomograms of figures 3, 4, 5 and
6 are from the Litchfield and Wilcoxon publica-
tions (21, 22).
The Litehfield-Wilcoxon procedures allow esti-
mation of (1) the 50% dose effect; in this case,
the IT50 or 1D50 value, (2) the slope function of
the regression, (3) confidence limits about both
of the above, and (4) statistical significance tests
to compare IT50, ID50 and slope function for
two materials. When our irritancy data were
PROCEDURES FOR IT55 OR ID55 AND
SLOPE FUNCTION
evaluated in turn by the Litehfield-Wilcoxon
method and by other independent procedures
such as the use of arc sine transformations of
frequencies, agreement was good.
It should be emphasized that these methods
are designed for data for which all concentrations
are utilized on each of the subjects in the test, or
all times are cumulative. This method should not
be used for unpaired data, i.e., when each subject
receives a single dose level, or a separate subject
is tested for each cia psed time period. The follow-
ing description of the Litchfield-Wilcoxon proce-
dure is put in the context of irritation testing for
the convenience of the reader. It is recommended
that any investigator intending serious use of
these methods also study both original papers
(21, 22).
1. Tabulate the data in three columns. In the
first, place the concentration or number of days;
in the second, the number of corresponding reac-
tors; in the third, the per cent of all reactors
responding.
2. Plot the percentages on the vertical (prob-
ability) axis and concentration (for ID55), or
time (for IT55) in any convenient units on the
horizontal (logarithmic) scale, using log prob-
ability paper such as Codex No. 3128.
3. Draw (i.e., visually fit) the "best" straight
line through the plotted points (there should be
at least 4 or 5).
4. Draw light horizontal lines from the vertical
scale to the plotted line, and thence drop per-
pendiculars to the concentration (or time) scale.
Do this at the 16%, 50%, and 84% values of the
probability scale. The range between the 16%
and 84% values represents two standard devia-
tions. Read and record the values of concentration
r time found. The 50% value is of course the
stimated IT55 or ID55.
5. Compute the slope function of the plotted
line, using the following formula:
(1T54/ITso) + (1T55/1T16)S = slope function = 2
(Substitute ID values if concentration is utilized)
6. There arc now several alternative steps, and
the one to be used depends upon whether the
data contain both a 0% point and a 100% point,
only a 0% point, oniy a 100% point, or neither.*
(a) Both 0 and 100% points present in data:
* Because of the nature of the graph paper,
neither 0 or 100% points can be plotted. However,
as will be seen, their presence in the data is de-
sirable.
Refer to Nomogram No. 1 (Fig. 3). Use
the value of S just computed and N (total
number of subjects used) for the reference
scale points. Find the value of fIn5 or
fIT5o . This is done by finding the computed
value of S on the lefthand scale of Figure 3,
the value of N on the righthand scale, and
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connecting them with a straightedge. The
point on thef scale where the straightedge
crosses it is the desired value of f'D50 or
fIT5o . Then calculate:
N1 = 2N — 1
and read the value of .fs from the same
nomogram, using the same procedure but
substituting N1 for N.
(b) 0% point but no 100% point: Using Norno-
gram No. 2 (Fig. 4), read N2 read N3from
Nomogram No. 3 (Fig. 5). The reference
scale points are N (total subjects) and the
maximum per cent which has reacted at the
end of the experiment. Then read fID50 or
fIT5o from Nomogram No. 1 (Figure 3),
using N2 and S as reference scale points.
Following this, read fs also from Nomo-
gram No. 1 (Fig. 3), using N3 and S.
(c) 100% point but no 0% point: Compute: per
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cent reacted 100 — initial % reacting;
use this value with Nomograms 2 and 3
(Figs. 4 and 5) as described in (b).
(d) Neither 0 nor 100% point: Refer to the
original publications (21, 22). It is again
recommended that every effort be made to
avoid this situation, as confidence limits
are greatly widened (i.e., precision re-
duced) about the estimates of IT50 or ID50
and slope function.
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TABLE I
Sodium lauryl sulfate concentration-response data
Conc. wt. %(in 1120)
No. of subjects
responding Per cent response
0.25 1 10
0.50 3 30
0.75 0 60
1.00 7 70
1.25 9 80
1.50 10 100
7. Compute confidence limits as follows :*
(a) About IT50 or ID55
Upper 95% limit = (IT50) (fIT55)
Lower 95% limit = (ITSO)/(fJT5O)
(b) About Slope Function, 5:
Upper 95% limit = (5) (Jo)
Lower 95% limit = (5)/(fs)
The confidence limits about the IT55 or ID55
may be interpreted as an estimated range within
which the "true" population value lies. More
loosely, it is a prediction of the expected range of
values for about 95% of all future, hypothetical
duplicate experiments, if each is run on new,
randomly-selected samples from the same popula-
tion of subjects.
A most important usc of the testing procedure
is the determination of comparative irritancics of
substances or formulations. For 1T55's, as many
as 12 preparations can be tested on the same
subject panel; with 1D55's, two substances (5 con-
centrations each) can easily be compared. When
larger numbers of substances must be evaluated,
separate panels are needed. To establish compara-
tive irritancy, the IT or ID values and slope
functions arc obtained for each substance or
formulation and manipulated as shown below.
Comparison of two irritants: The subscript
numbers used below refer to any two materials
being compared for relative irritation. For
example, S is the slope function for substance
* J has generally been our experience that 100%
points arc easily obtainable when determining
ID552s with strong irritants. For weak irritants, it
is often difficult to get reactions from all subjects
even when the time is greatly extended. If proper
preliminary work is done, 0% points should alwaysbe obtainable in both cases, however.
No. 1 and 52 is that for the other substance. In
all cases, the subscript 1 is taken to represent the
larger of the pair of statistics. In making a compari-
son, it is often convenient to make both original
plots on the same sheet of paper.
1. Compute the ratio of the larger to the
smaller slope function, and the ratio of the larger
to the smaller ID50 or IT50
Slope function ratio = 51/52 = SR
Effect ratio = (1T55)1/(1T55)2 = RR
2. Using as f and f2 the f values for the larger
and smaller slopes respectively, find fsn from
Nomogram No. 4 (Fig. 6). Than using as f and
f2 the f values for the larger and smaller IT15
(or ID55), and the same Nomogram, find fun in
the same way.
3. Compare SR with fsn. The slope functions
of the two lines may be claimed to be significantly
different (95% confidence level) if SR is equal to
or greater than fsn.
4. Compare RR with fun. The 1T25's or 1D55's
may be claimed significantly different (95% con-
fidence level) if RR equals or exceeds fun
ILLUsTRATIVE EXAMPLES
The following examples typify common prob-
lems and should be helpful in clarifying the opera-
tions involved:
Calculation of IDse and slope function for a
detergent (strong irritant): The irritancy of aqueous
sodium lanryl sulfate was assessed in 10 subjects.
In this case the applications ware for only 6 hours
instead of the usual 24 hours. The raw data are
given in Table I. They ware plotted, and a line
visually fitted as shown in Figure 7. The concen-
trations corresponding to 16, 50 and 84% response
points were found to be:
ID15 = 0.35%
ID55 = 0.64%
ID84 = 1.15%
The slope function was:
—
(ID8/ID50) + (ID55/IDie)
2
(1.15/0.64) + (0.64/0.35)
2
= 1.81
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TABLE II
Sodium thioglycollale
Elapsed time
in days
No. of subjects
responding Per cent response
1 0 0
2 1 10
3 1 10
4 4 40
5 6 60
6 6 60
7 6 60
8 7 70
9 10 100
10 10 100
There was no 0% point in the data, but a 100%
point existed. N2 was found from Figure 4 (Nomo-
gram No. 2) and N3 from Figure 5 (Nomogram
No. 3), using N = 10 and per cent reacting =
100 — 10 = 90. We found:
N2 = 10 (Fig. 4)
N3 = 17 (Fig. 5)
fIDso = 1.44 (Fig. 3)
fe = 1.32 (Fig. 3)
Confidence limits were then computed as follows:
ID50
Upper = (ID50) (fIDsO)
= (0.64) (1.44) 0.9%
Lower = (1D50)/(f1D50)
Slope function:
= (0.64)/(1.44) = 0.4%
Upper = (5) (Is) = (1.81) (1.32) = 2.4
Lower = (S)/(f5) = (1.81)1(1.32) = 1.4
Calculation of IT50 value and slope function for
a hair waving ingredient (weak irritant): The
irritancy of sodium thioglycollate was evaluated
in ten subjects. The raw data are shown in Table
II. The plot of the data is given as Figure 8, and
the procedure was analogous to the above. The
estimates of IT50 and slope function, with their
confidence limits, were:
IT50 = 3.6 to 7.4 days (mean = 5.2 days)
S = 1.4 to 2.3 (mean 1.80)
Example of comparison of two agents: The
1T50's and slope functions were determined for
20% sodium thioglycollate and for 50% kerosene
in mineral oil. (In practice, substances in a
similar usage class would normally be compared.)
The data obtained are shown in Table III. The
ratios of slopes and median-effects were obtained:
SR = 51/52 = 2.00/1.80 = 1.11
RR 1T501/1T50, =: 8.0/5.2 = 1.54
The f values were found from Nomogram No. 4
(Figure 6):
fsR = 1.66
= 1.81
Since SR was less than fER and RR less than f,
the numerical difference between the two irritants
was not statistically significant (95% confidence
level).
DISCUSSION
The use of statistics does not automatically
produce sound interpretations. Attention is
called to the following considerations:
General: If the ID50 or IT50 confidence limits
are unusually wide, it may be advisable to repeat
the experiment with a new panel, perhaps in-
creasing the number of subjects.
It goes without saying that the sampling must
be random. This means that every subject must
be chosen in such a way that each has an equal
chance of being selected each time a choice is
made. No screening criteria should be applied
before sampling.
Some problems in interpretations: If both the
ID50 and the slope function of the line respec-
tively cannot be shown to be different for two
substances, the substances may be said to be
equal in irritancy. If the ID50 values are judged
different but the slope functions are not, it may
be concluded that the two substances do not have
the same irritancy. There are two other possibili-
ties, however. If the ID50 values are not shown
different but the slope functions are, the two
substances cannot be said to be alike. A change in
concentration will then alter the irritancy of the
substance with the steeper slope function more
drastically; above the ID50 its irritancy will
increase very quickly; contrariwise, a slight lower-
ing of concentration below the ID50 will sharply
z
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reduce irritation. This may be made clearer by
taking an extreme example:
Suppose that one material produced a nearly
horizontal line, and the other a line sloped 45
degrees, and that both intersect at the ID50 point.
In such a case, the irritancy of the material cor-
responding to the nearly horizontal line would
always be higher below the ID50 , while above this
the relationship would be reversed. The fourth
possible case, in which both the slope functions
and the IT50 or ID50 values for two substances are
different, of course represents only a modification
of the third. It is concluded that the two sub-
stances are different.
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It may have been noticed by the reader that
the upper and lower confidence limits lie at un-
equal distances from the mean. This is a con-
sequence of the fact that the dose-response or
time-response relationship is actually curved;
TABLE III
Comparison of two irritants (IT50)
Sodium
thioglycollate Kerosene
Slope function (8)
IT50
fir50
fs
1.80
5.2 days
1.43
1.30
2.00
8.0 days
1.61
1.54
plotting it on log probit paper transforms the
curve to a straight line but does not alter the
original relationships.
Other procedures: The nomograms are not
essential for the statistical procedures; relatively
simple formulas can be substituted (21, 22).
Those with access to a computer may wish to
program all of the computations; this can readily
be done. In fact, in such a case the graph of the
data becomes imnecessary except for convenience
in visualizing the experimental results. It is even
possible for some computers to plot the lines, if
desired.
If a computer is available, the conventional
probit analysis can be programmed, of course,
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and those with a strong desire to obtain the ut-
most accuracy may wish to do so. We feel, how-
ever, that this is unnecessary rigor.
Miscellaneous: Because of their economic im-
portance, the comparative irritancies of soaps
and straight chain alkyl sulfate surfactants have
been established by previous workers. Emory
and Edwards found the C12 homologues to be the
most irritating of the series (23). We obtained
data (Figs. 9 and 10) which bear this out com-
pletely whether these are studied by either the
IT50 or ID50 procedures. Maximum irritancy is at
C12 ; the C10 and C14 derivatives are less irritating
and about equal.
The quantitative estimation of irritation has
applications other than the obvious one of safety
testing. It may be employed as a model to deter-
mine the reactivity of the skin of different races,
ages, sexes and body regions. The response to
chemical injury offers a way of characterizing one
of the dynamic behavior faculties of skin. This is
of clinical interest in certain problems, such as
the question of whether individuals with occupa-
tional eczema, atopic conditions, or a widespread
dermatitis have more irritable skin than normals.
SUMMARY
1. A new method for bioassaying substances
potentially irritating to human skin has been
described. The method is well-known in toxicol-
ogy but, to our knowledge, has not previously
been used in skin testing.
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2. For strong irritants, the percentage of
reactors is plotted against a 5-point series of con-
centrations applied by patch test for 24 hours or
less on log normal probability paper. The ID50
value and its confidence limits are directly ob-
tainable from the resulting straight line. This is
the estimated concentration which produces an
irritant response in 50% of the sampled popula-
tion.
3. For weak irritants, patches are applied to
the same site for a minimum of 10 days; the
cumulative percentage of reactors is plotted for
each day on log normal probability paper, and
from this the IT55 value and its confidence limits
are obtained. This is the estimated number of
days required to cause 50% of the sampled
population to develop a threshold irritant re-
sponse.
4. The Litchfield-Wileoxon method of probit
analysis has been applied to the data. The statis-
tics include:
(a) ID50 or IT50 values with 95% confidence
limits about their means.
(b) The slope functions and their confidence
limits.
(c) Tests of significance for differences between
pairs of irritants.
NOTE: (1) The nomograms of Figures 3, 4, 5
and 6 appeared in the articles by Litchfield and
Wilcoxon in 1949 (References 16 and 17) and are
reprinted with the permission of the authors
and the original publisher.
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